Background: Although èow velocities curves recorded with pulsed-wave Doppler in systemic vein are known to provide functional data on the right circulatory function, little information is available on the relationship between right heart élling dynamics and right ventricular function. Methods: Consecutive patients with chronic heart failure due to severe systolic left ventricular dysfunction and in sinus rhythm underwent echocardiography and right heart catheterization. In the initial part of the study, the hemodynamic correlates of different èow velocity patterns recorded into the superior vena cava were evaluated in 120 patients. The accuracy of the prediction of different right heart hemodynamic proéles by means of the different venous èow patterns was then prospectively tested in a subsequent series of 86 patients. Results: The venous èow pattern was closely related to right heart hemodynamics. A normal Doppler pattern identiéed patients with normal right heart hemodynamics (sensitivity 86%, speciécity 78%); a "predominant systolic wave" pattern identiéed patients with a reduced thermodilution-derived right ventricular ejection fraction (,30%) and normal or slightly elevated right atrial pressure (#8 mmHg) (sensitivity 69%, speciécity 81%); a "predominant diastolic wave" pattern identiéed patients with a reduced right ventricular ejection fraction (,30%) and elevated right atrial pressure (.8 mmHg) (sensitivity 52%, speciécity 95%). The observed and the predicted hemodynamic proéles turned out to be concordant in 80% of patients. Conclusions: The analysis of the èow velocity pattern into the superior vena cava is a useful tool to estimate the extent of the right circulatory impairment in patients with congestive heart failure. (ECHOCARDIOGRAPHY, Volume 18, August 2001) heart failure, Doppler velocimetry, systemic veins
Central venous èow velocity curves recorded with pulsed-wave Doppler echocardiography into the hepatic veins or the superior vena cava provide functional data on the right heart and are commonly used to estimate the degree of tricuspid regurgitation to differentiate cardiac tamponade from pericardial effusion and constrictive pericarditis from restrictive cardiomyopathy. [1] [2] [3] [4] However, no information is available on the relationship between right heart élling dynamics and right ventricular function, even though it has been demonstrated in the left side of the heart that the élling of the atrial cavity through the pulmonary veins is strongly inèuenced by the function of the left ventricle. 5 The usefulness of this approach in the right circulation is emphasized by the diféculty encountered when measuring the volume and ejection fraction of the right ventricle by noninvasive techniques, due to the complex geometry of this cardiac chamber. These data could be of greatest clinical relevance in patients with congestive heart failure (CHF), in whom right ventricular function is an important determinant of symptoms and an independent predictor of prognosis. [6] [7] [8] Accordingly, we designed an echocardiographic study to test the hypothesis that different èow velocity patterns in systemic vein discriminate among different degrees of right heart hemodynamic impairment in patients with moderate to severe CHF.
Methods

Study Design
The study was developed in two phases. The initial part of the study was aimed at determining the hemodynamic correlates of the systemic venous èow velocity patterns in patients with CHF. In the second part of the study we tested the predictive accuracy of Doppler-derived venous èow velocity patterns versus different right heart hemodynamic proéles in a subsequent series of CHF patients.
Patients
In the érst part of the study we enrolled 120 consecutive patients in sinus rhythm with chronic congestive heart failure due to severe systolic left ventricular dysfunction (ejection fraction , 35%). This series included patients with primary dilated cardiomyopathy, ischemic heart disease, or end-stage valvular heart disease who were referred to our center for heart failure management and/or heart transplantation evaluation. Patients with (a) restrictive cardiomyopathy, (b) hypertrophic cardiomyopathy, (c) need for infusional therapy at the initial clinical evaluation, (d) atrial ébril-lation or permanent pacing in VVI mode, or (e) severe tricuspid regurgitation were excluded from the study. In the second part of the study we enrolled 86 patients with identical inclusion and exclusion criteria. The clinical characteristics of the patients are shown in Table I .
Echocardiographic and Doppler Study
The echocardiographic examination was performed using either a Toshiba SSA 270A (Toshiba Corp., Tokyo, Japan) or an Esaote SIM 7000 Challenge (Esaote, Firenze, Italy) ultrasound equipment. A complete M-mode, two-dimensional, and Doppler study was performed using standard parasternal, apical, and subcostal approaches. Left ventricular end-diastolic and end-systolic volumes and left ventricular ejection fraction were calculated using the area-length method. End-diastolic and endsystolic right ventricular areas were measured in the apical view and the fractional area shrinkage was calculated as end-diastolic area minus end-systolic area, divided by end-diastolic area, 3100. The systolic displacement of the lateral portion of the tricuspid annular plane was measured on the M-mode tracing under the two-dimensional (2-D) echo guidance. Echocardiographic data were averaged over three beats. Categorical evaluation of mitral insuféciency was made by measuring the radius of the aliased portion of the èow acceleration proximal to the leaking oriéce using the color Doppler format. 9 Tricuspid regurgitation was graded using the jet area method. 10 The hepatic vein èow velocity curve was recorded by pulsed-wave Doppler using the subcostal approach. The superior vena cava èow velocity curve was recorded from the right supraclavicular approach by placing the sample volume in the middle of the stream visualized by the color Doppler format. Peak velocities of the systolic and diastolic centripetal waves in the superior vena cava and hepatic veins were measured and the ratio calculated. The venous èow velocity pattern was considered normal when the systolic/diastolic ratio was $1 and #2, the èow pattern was categorized as "predominant systolic wave" when the ratio was .2, and as "predominant diastolic wave" when the ratio was ,1 (Figs. 1A-C) . 4 All Doppler measurements were evaluated in éve consecutive beats obtained during quiet respiration.
Reproducibility
Intraobserver and interobserver variability of the Doppler parameters were calculated in 15 random patients. Measurements were per- formed by two independent observers and repeated by the érst observer after a 1-day interval. The variability of the assignment of the venous èow velocity pattern to one of the three categories was evaluated using the Cohen kappa statistics.
Right Heart Catheterization
Right heart catheterization was performed within 1 hour of the echo and Doppler examination. A modiéed Swan-Ganz thermodilution catheter with a rapid response thermistor (93A-431H-7F, American Edwards Laboratories, Irvine, CA, USA) was inserted transcutaneously via the right internal jugular vein. The thermistor was connected to a dedicated computer (REF-1 Ejection Fraction/Cardiac Output Computer, American Edwards Laboratories) to display online the cardiac output and the right ventricular ejection fraction. The distal and proximal lumina of the catheter were connected to a calibrated and balanced transducer for pulmonary artery and right atrial pressure monitoring. Pressure calibration was performed before and immediately after measurements; all readings were referenced to the midaxillary line with the patient supine. Thermodilution measurements were obtained in triplicate. The correct positioning of the catheter was established èuoroscopically and conérmed by recording pressures from the injectate port. 11 ,12 The following hemodynamic parameters were measured or calculated: systemic blood pressure (arm-cuff sphygmomanometer); right atrial, pulmonary artery (systolic, diastolic, and mean), and pulmonary wedge pressures; right ventricular ejection fraction; cardiac output; cardiac index; and systemic vascular and pulmonary vascular resistance.
Statistical Analysis
Data are shown as mean 6 SD for continuous variables and absolute or relative frequencies for categoric variables. Concordance be- 
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tween superior vena cava and hepatic veins èow patterns was assessed by means of Kendall tau coefécient of concordance.
In the érst part of the study the hemodynamic and echocardiographic parameters were compared in the three groups of patients with different venous èow patterns by means of oneway analysis of variance (ANOVA); Scheffé test was used for post-hoc comparisons when the F-test was signiécant at P , 0.005. On the basis of the initial results, each systemic venous èow velocity pattern was associated to a speciéc right heart hemodynamic proéle. We used the receiver operating characteristics (ROC) curves of a series of logistic models to identify the cutoffs of the hemodynamic variables that best discriminated among the three èow cathegories.
In the second part of the study, the predictive accuracy of each èow pattern to identify a different hemodynamic proéle was prospectively tested in a subsequent series of patients. The percentage of cases that were correctly identiéed was computed together with the Kendall tau statistics to assess the accuracy of the prediction. Sensitivity and speciécity of each èow velocity pattern in the identiécation of patients with different right heart hemodynamic proéles were calculated. The statistical package Stata 6.0 (Stata Corp., College Station, TX, USA) was used for computations. 1 3 A P value , 0.05 was retained as statistically signiécant.
Results
Feasibility of Doppler Recordings into the Superior Vena Cava and the Hepatic Veins
In the érst study group, analyzable superior vena cava èow velocity tracings were recorded in all patients while the hepatic veins èow velocity tracings could be recorded in only 91 patients (76%): 29 patients had an unacceptable intercept angle between the direction of exploration and the direction of èow or small size venous vessels. In the 91 patients in whom both hepatic veins and superior vena cava èow velocity tracings could be recorded, the èow patterns were concordant in 90% of cases (Kendall tau 5 0.69, P , 0.000) ( Table II) .
The categoric evaluation of the superior vena cava èow pattern was optimally reproducible: Cohen kappa statistic was equal to 0.79 for intraobserver and interobserver agreement. The evaluation of hepatic vein èow patterns was less reproducible: the Cohen kappa statistic was 0.75 for intraobserver and interobserver agreement.
Clinical, Echocardiographic, and Hemodynamic Parameters Associated with Different Venous Flow Velocity Curves
A normal SVC èow pattern was found in 61 patients (group 1), a "predominant systolic wave" pattern in 48 patients (group 2), and a "predominant diastolic wave" pattern in 11 patients (group 3). Age, sex, and etiology of congestive heart failure were similar in the three groups; patients assigned to group 3 tended to have a greater functional impairment than patients in groups 1 and 2 (Table III) .
According to the inclusion criteria, systolic left ventricular function was severely impaired in all groups, although patients in group 3 tended to have smaller volumes. The mitral inèow pattern was substantially normal in group 1 and restrictive in group 2 and group 3 patients; importantly, the overlapping of the peaks of the biphasic inèow precluded measurement in 19 patients. Right ventricular area shrinkage was normal in group 1 and reduced in group 2 and group 3 patients; however, the systolic excursion of the tricuspid annular plane was exclusively reduced in patients with a "predominant diastolic wave" èow pattern. A minor degree of mitral insuféciency was evenly distributed in the three groups. Tricuspid insuféciency was usually absent or graded as mild in the patients of groups 1 and 2, whereas it was graded as mild-to-moderate in 6 of the 11 patients in group 3 (Table IV) .
Group 1 patients had a substantially normal right heart hemodynamic proéle. The cardiac index was low in groups 2 and 3. High pulmonary artery and wedge pressures were found in group 2 and group 3 patients. Right ventricular ejection fraction was reduced in group 2 and group 3 patients. Right atrial pressure was much greater in group 3 than in group 2 patients (Table V) .
Prediction of Right Heart Hemodynamic Proéle by Means of Superior Vena Cava Flow Velocity Pattern
The hypothesis that each of the three èow velocity patterns identiées a different right heart hemodynamic proéle was prospectively tested in the second population. Overall, the predicted and the observed hemodynamic proéle turned out to be concordant in 80% of patients. The agreement between a normal èow velocity pattern and a normal hemodynamic proéle was 79% (Kendall tau 5 0.56, P , 0.000); the agreement between a "predominant systolic wave" èow velocity pattern and a hemodynamic proéle characterized by right ventricular systolic dysfunction associated with normal or slightly elevated right atrial pressure was 70% (Kendall tau 5 0.41, P , 0.000); 
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the agreement between a "predominant diastolic wave" èow velocity pattern and a hemodynamic proéle characterized by right ventricular systolic dysfunction plus raised right atrial pressure was 91% (Kendall tau 5 0.60, P , 0.000).
The sensitivity and speciécity of each èow velocity pattern in the identiécation of patients with a different hemodynamic proéle are shown in Table VI . A normal èow pattern identiéed with a high sensitivity and a good speciécity patients with a normal right heart hemodynamic proéle. A "predominant systolic wave" èow pattern that identiéed patients with a "diastolic wave" èow pattern was extremely speciéc, but not that sensitive, in identifying patients with right ventricular dysfunction plus raised right atrial pressure.
Discussion
The study shows that in patients with moderate-to-severe congestive heart failure, Doppler interrogation of èow velocities into the superior vena cava is easy to obtain and provides a useful estimate of the overall impairment of the right circulation. It differentiates, with high sensitivity and speciécity, patients with normal right heart hemodynamics, patients with "compensated" right ventricular dysfunction, and patients with right ventricular dysfunction associated with raised right atrial pressure.
Right Heart Hemodynamic Correlates of Doppler Velocimetry in the Systemic Vein
The feasibility of noninvasive recording of the èow velocity curve in the jugular gulf by means of an ultrasonic Doppler èowmeter was érst described by Benchimol et al. in 1972. 14 A few years later Sivaciyan and Ranganathan found that èow velocity curves characterized by a diastolic nadir equal to or larger than the systolic nadir were always associated with abnormal right heart hemodynamics. 15 More recently, in a heterogeneous population of patients with cardiac and noncardiac diseases, Nagueh et al. showed that the computation of the hepatic vein systolic élling fraction may be used to predict a right atrial pressure . 8 mmHg. 16 However, although speciéc alter- ations in systemic venous èow tracings have been described in several cardiac disorders, systemic venous Doppler velocimetry has never been systematically evaluated in patients with heart failure. The clinical relevance of this indirect approach to the evaluation of right ventricular function is anticipated by the number of recent reports outlining the importance of right ventricular ejection fraction (estimated by radionuclide techniques or by thermodilution) as an independent prognostic marker in patients with congestive heart failure. [6] [7] [8] 
Novelty of the Study
This study improves current knowledge and strengthens the clinical relevance of systemic venous Doppler velocimetry in patients with congestive heart failure. First, the differentiation among normal, "predominant systolic wave," and "predominant diastolic wave" central venous èow velocity patterns not only distinguished patients with normal from patients with high right atrial pressure but also differentiated patients with normal right heart hemodynamics from those in whom a normal right atrial pressure was associated with an impaired right ventricular function. In fact, the systolic function of the right ventricle is an important hemodynamic determinant of systemic venous èow dynamics; this observation was not outlined in previous studies. A "restrictive" venous èow pattern (characterized by predominantly diastolic centripetal èow) has been described in patients with documented restrictive physiology, either related to disease or after orthotopic transplantation or cardiac surgery. 4,17 ,18 A "predominant systolic wave" èow pattern in central veins was érst described by Klein et al. in patients with cardiac amyloidosis and "less advanced" stages of the disease. 4 These authors did not report hemodynamic correlates. The physiopathological rationale to distinguish between a right heart élling pattern characterized by relatively increased systolic centripetal velocities and a élling pattern characterized by relatively increased diastolic velocities can be gathered from recent and past studies evaluating the atrial mechanics in the left side of the circulation. [19] [20] [21] Recently, it has been shown that most of the left atrial élling takes place during systole in patients with moderate impairment of the left ventricular élling, whereas in end-stage left ventricular dysfunction, the atrial "reservoir" function is lost and left atrial élling occurs mostly during diastole. 5 We acknowledge that tricuspid regurgitation may switch to the diastolic period part of the total centripetal èow in the systemic vein. As such, patients with severe tricuspid regurgitation were excluded from the study; a moderate degree of tricuspid regurgitation was nevertheless accepted because it is a common énding in patients with advanced heart failure.
The close association between the restrictive venous èow pattern and reduced systolic displacement of the tricuspid annulus éts with the expectations, because the displacement of the tricuspid annular plane during systole accounts, together with atrial relaxation, for the systolic acceleration of the venous èow toward the right heart. This concept has already been demonstrated in the left side of the heart in an animal model by the pioneering studies of Tsakiris et al. and in patients with heart failure. 22, 23 Finally, our data demonstrate that Doppler interrogation into the superior vena cava improves the feasibility of the evaluation of systemic venous èow dynamics compared with the hepatic veins. The reported rate of success in recording èow velocity curves in the hepatic veins is 82%. 16 In the present study, the rate of success into the superior vena cava was 100% and the reproducibility of the curves recorded into the superior vena cava was slightly higher than that of the curves recorded into the hepatic veins.
Limitations
A limitation of the study is the absence of data regarding the diastolic function of the right ventricle. The decision to exclude Doppler parameters obtained by tricuspid inèow curves was made during the design phase because of the well-known diféculties in standardizing the Doppler sampling across the tricuspid valve and because of the variability of the curves due to respiration. 24 As far as the right ventricular isovolumic relaxation time is concerned, information on the feasibility of this measurement were published only after this study had begun. 25 The echocardiographic evaluation of the diastolic function of the right ventricle likely would have added useful information, however, the data reported in the present study provide a clear hemodynamic characterization of the three groups of patients with different venous èow patterns.
In addition, we acknowledge that variability occurs during respiration in systemic vein èow DOPPLER VELOCIMETRY IN SYSTEMIC VEIN IN PATIENTS WITH CHF velocity curves and that respiration phases are best identiéed by recording signals through a nasal thermistor. 2, 26 However, an alternative method to take into account the effects of respiration is to mediate a number of beats obtained during quiet respiration; accordingly, during the study design we adopted this method previously used by Nagueh et al. and by Zoghbi et al. 16,2 7 Finally, we have not measured the inferior vena cava diameter and collapsibility during respiration. Although these parameters have been reported to be related to right atrial pressure, there are several limitations to their use, such as the diféculty in standardizing the inspiratory effort. Furthermore, there is no consensus on the accuracy of these indexes in the assessment of mean right atrial pressure. 16,2 8-30 
Clinical Implications
We have demonstrated that Doppler interrogation of èow velocities into the superior vena cava is easy to obtain in all patients with congestive heart failure and makes it possible to estimate the severity of the impairment of the right circulatory function using simple categoric classes. These data constitute a signié-cant basis for the routine evaluation of superior vena cava èow velocity pattern in patients with congestive heart failure.
